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This aim of this study was to project the future changes of abundance of dipteran families due to climate
change using nationwide ﬂy data of surveys conducted for 4 years from 2006 at 295 sites (forests). Most
analyzed families (22) showed characteristics that are expected in normal distribution along a temper-
ature gradient in which the maximum value occurs at an optimum temperature. Temperature changes
were projected by Representative Concentration Pathways (RCP) 4.5 and 8.5 climate scenarios, and
abundance in two periods, 2011s2015 and 2056e2065, was projected using the mean value of abundance
in each temperature range. It was predicted that among the 22 families analyzed, the abundance of 21
will decrease and one will increase due to a temperature increase. The family abundance change rates
were signiﬁcantly correlated with temperature. This pattern was used for qualitative prediction (decrease
or increase) of other families (> 1% of occurrence). This qualitative prediction also showed that 26
families, except one, were forecasted to decrease.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The temperature has risen about 0.75C during the past 100
years due to a rapid increase in population and human activities
such as burning fossil fuels and destroying forests (IPCC 2007), and
the temperature of South Korea has also risen by about 1.5C (Kwon
2003) during the same period. The phenomenon of moving toward
the Polar regions and high altitudes has been identiﬁed in various
living organisms during the 20th century (Parmesan et al 1999;
Konvicka et al 2003; Hickling et al 2006; Kwon et al 2014a).
However, due to the lack of usable survey data for prediction and
complex interaction between organisms and environmental factors
(Thomas et al 2004), there is a considerable uncertainty in pre-
dicting the reactions of organisms to climate change. Studies on
climate change are focused on several ﬂagship taxa (e.g., butterﬂies,
birds, ﬁsh, etc.), and studies on most other taxa are rarely carriedþ82 2 961 2679.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.out. Therefore, it will become possible to make more precise pre-
dictions on changes in biota when reliable data of the neglected
taxa are accumulated (Hickling et al 2006). Changes in the distri-
bution and abundance of living organisms are the most deﬁnite
phenomena occurring due to climate warming, and it is the pri-
mary cause of other secondary phenomena such as interspeciﬁc
interactions and occurrence of diseases and insect pests. Hence, the
importance of studies on this issue cannot be emphasized enough.
Fly (Diptera) is one of the most diverse and abundant insects in
the world, as about 122,000 species of ﬂies are known (McGavin
2001). Flies are important detritivores in ecosystems and play a
pivotal role in material circulation and energy ﬂow, but they also
play various roles, including those of herbivores, pollinators, and
natural enemies, and are also important food sources for birds,
mammals, amphibians, ﬁsh, and reptiles. As indicated by surveys of
burnt forests, ﬂies reﬂect environmental disruption caused by for-
est ﬁre and afforestation, and are thought to have a great potential
as bioindicators (Kwon et al 2013b). A lot of studies on climate
change have been conducted using ﬂies, which were mostly
considered as pests or disease vectors, but studies treating ﬂies as
just insects were rarely performed. No study has been performed to(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
Table 1. Species distribution by forward stepwise regression model for the candidate ﬂy families.*
Family Korean name Multiple regression model R2 p
Species richness 종수 y¼0.403 0.032 X7 3.263 X4þ 7.599 X3 0.007323 X1 0.259 <0.001
Abundance 개체수 y¼0.5883 7.055 X4 0.1388 X3 0.087 0.0004
Phoridae 벼룩파리과 y¼57.0103 5.0706 X4þ 10.1673 X3 0.043 0.0256
Muscidae 집파리과 y¼7.5442þ 0.00545 X7 0.00228 X1þ 1.92517 X3 0.00034 X6 0.61451 X4 0.60674 X5 0.223 <0.001
Mycetophilidae 버섯파리과 y¼6.18334þ 0.00533 X7 0.00034 X6 0.163 <0.001
Sphaeroceridae 애기똥파리과 y¼ 5.216957 0.197368 X5þ 0.077409 X2 0.189 <0.001
Lauxaniidae 큰날개파리과 y¼12.5197þ 0.4518 X5þ 0.0027 X7 0.097 <0.001
Cecidomyiidae 혹파리과 y¼ 1.225587 0.115181 X4 0.034 0.0171
Dolichopodidae 장다리파리과 y¼2.14622þ 0.00087 X7þ 0.18582 X3 0.073 0.0011
Heleomyzidae 가시날개파리과 y¼0.226201þ 0.001884 X7 0.000858 X1 0.273 0.0000
Psychodidae 나방파리과 y¼0.603169þ 0.000319 X1þ 0.000080 X6 0.040 0.0025
Tachinidae 기생파리과 y¼0.603237 0.000138 X1 0.000339 X7 0.039 0.0221
Empididae 춤파리과 y¼ 0.534528 0.035322 X3 0.060 0.0004
Limoniidae 애기각다귀과 y¼0.011716 0.069726 X4 0.100214 X5þ 0.209959 X3 0.091 <0.001
Chloropidae 노랑굴파리과 y¼ 0.573033 0.046803 X3 0.047 0.0002
Fanniidae e y¼ 0.137189þ 0.000143 X7 0.000018 X6 0.132 <0.001
Dryomyzidae 대모파리과 y¼ 2.17725 0.00066 X7 0.229 <0.001
Keroplatidae e y¼3.37855 0.14494 X4 0.029 0.0227
Ceratopogonidae 등에모기과 y¼ 0.970113 0.036790 X5 0.000210 X7þ 0.009258 X2 0.139 <0.001
Anisopodidae 모기파리과 y¼0.622396 0.000720 X7 0.123 <0.001
* Environmental factors: precipitation (X1), insolation (X2), mean temperature (X3), minimum temperature (X4), maximum temperature (X5), Normalized Difference
Vegetation Index (NDVI) (X6), and altitude (X7).
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change at the national scale.
In South Korea, studies to predict changes in the abundance and
distribution of arthropods due to climate change were recently
performed: a prediction of changes in distribution and diversity of
aquatic insects using national data of the Ministry of Environment
(Li et al 2013, 2014), and a prediction of distributional changes in
ants (Kwon et al 2014c), spiders (Kwon et al 2014b), and beetles
(Kwon et al 2015) using the monitoring results of arthropods in
forests nationwide by the Korea Forest Research Institute (Seoul,
Korea)were published. This studywas conducted at the family levelTable 2. Correlation between abundance (no. of individuals per trap) and environmenta
Family Korean name Environmental factor
Precipitation Insolation Mean temperatur
Species richness 종수 0.09 0.05 0.40*
Abundance 개체수 0.04 0.001 0.24*
Phoridae 벼룩파리과 0.04 0.06 0.07
Sciaridae 검정날개버섯파리과 0.12z 0.08 0.19y
Drosophilidae 초파리과 0.02 0.03 0.07
Muscidae 집파리과 0.05 0.07 0.27*
Mycetophilidae 버섯파리과 0.18y 0.06 0.29*
Sphaeroceridae 애기똥파리과 0.22* 0.13z 0.36*
Lauxaniidae 큰날개파리과 0.19y 0.03 0.10
Cecidomyiidae 혹파리과 0.11 0.01 0.03
Dolichopodidae 장다리파리과 0.00 0.15z 0.08
Heleomyzidae 가시날개파리과 0.17y 0.09 0.41*
Psychodidae 나방파리과 0.16y 0.05 0.08
Chironomidae 깔따구과 0.07 0.03 0.00
Anthomyiidae 꽃파리과 0.18y 0.01 0.34*
Tachinidae 기생파리과 0.09 0.04 0.00
Calliphoridae 검정파리과 0.18y 0.01 0.31*
Empididae 춤파리과 0.00 0.00 0.22*
Limoniidae 애기각다귀과 0.10 0.05 0.04
Sarcophagidae 쉬파리과 0.05 0.10 0.07
Chloropidae 노랑굴파리과 0.12 0.04 0.22*
Fanniidae e 0.17y 0.03 0.28*
Dryomyzidae 대모파리과 0.24* 0.05 0.42*
Keroplatidae e 0.05 0.03 0.04
Platystomatidae 알락파리과 0.05 0.08 0.10
Ceratopogonidae 등에모기과 0.09 0.13z 0.28*
Anisopodidae 모기파리과 0.20* 0.12z 0.31*
* p < 0.001.
y p< 0.01.
z p< 0.05.to identify how abundance and distribution of forest ﬂies in South
Korea would be affected by climate change. The increase in tem-
perature was considered based on the climate change scenarios
(RCP 4.5 and 8.5).Materials and methods
Study site
The survey on ﬂies was conducted in 295 sites (Appendix 1). In
order to locate study sites evenly, eight sites were randomlyl factors in common (>10% occurrence) ﬂy family.
e Minimum temperature Maximum temperature Vegetation index Altitude
0.31* 0.39* 0.18y 0.42*
0.24* 0.19y 0.11 0.20*
0.15z 0.01 0.04 0.01
0.12z 0.20* 0.07 0.19y
0.09 0.06 0.02 0.05
0.15y 0.32* 0.27* 0.33*
0.14z 0.33* 0.02 0.36*
0.16y 0.41* 0.15y 0.40*
0.07 0.20y 0.08 0.15z
0.13z 0.04 0.06 0.03
0.12z 0.02 0.12z 0.02
0.22* 0.46* 0.27* 0.48*
0.03 0.11 0.16y 0.13z
0.04 0.04 0.05 0.03
0.18y 0.35* 0.17y 0.33*
0.01 0.01 0.03 0.02
0.21* 0.30* 0.17y 0.29*
0.22* 0.16y 0.14z 0.15z
0.12z 0.06 0.04 0.05
0.03 0.09 0.01 0.08
0.14z 0.21* 0.10 0.20y
0.13z 0.32* 0.00 0.33*
0.21* 0.45* 0.15y 0.47*
0.13z 0.05 0.01 0.04
0.05 0.10 0.03 0.09
0.19y 0.29* 0.05 0.24*
0.13z 0.33* 0.10 0.34*
Figure 1. The impact of determination index (R2) of environmental factors on abun-
dance of the most common 25 ﬂy families. Data for this ﬁgure are provided in Table 2.
Error bars indicate one SE. Different letters on bars indicate a signiﬁcant difference
between cases in Fisher LSD multiple-comparison test after an analysis of one-way
ANOVA, F 6, 168¼ 7.1421, p< 0.001. ANOVA¼ analysis of variance.
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mountains over a.s. 1100 m including Mt Halla, Mt Seorak, Mt Jiri,
Mt Gyebang, Mt Gariwang, Mt Taebaek, Mt Sobaek, Mt Minjuji, Mt
Deokyu, Mt Gaya, and Mt Unmun were included for this study. Of
the mountains, Mt Halla, Mt Jiti, and Mt Seorak are the three
highest mountains in South Korea. In such high mountains, four to
seven study sites were selected at intervals of an altitude of 200e
300 m. Health forests being more than 30 years old with well-
developed understory vegetation were selected as study sites.
However, because the top of the mountains was composed of
grasslands and bushes, they were selected as study sites. Environ-
mental factors at each site and weather at the time of survey (trap
installation period) were reported to Kwon et al (2013a,b).Figure 2. Temperature (annual mean) and abundance (numberFly survey and identiﬁcation
The ﬂy survey was conducted from mid-May 2006 to mid-
September 2009 for 4 years using pitfall traps. Ten pitfall traps
were installed per study site at intervals of 5 m in a row and
samples were collected from them after 10e15 days. This study
ﬁlled one-third of the traps with polyethylene glycol for preserva-
tion. Polyethylene glycol does not attract insects, and it is an
adequate preservation solution for insect specimens. Plastic soup
containers (diameter 9.5 cm, depth 6.5 cm) were used as the con-
tainers of the traps. After ﬁltering the liquid inside the containers
through a ﬁne net, residues, including dead ﬂy bodies, were put
into containers with a lid, treated with alcohol (100%) after trans-
ferring to the laboratory, and preserved until identiﬁcation. Fly
specimens were identiﬁed at the family and morphospecies levels.
Analysis and prediction
(1) Environmental factors
Temperatures (annual average temperature, annual maximum
temperature, and annual minimum temperature), annual precipi-
tation, insolation, and vegetation index at the study sites were
calculated using Geographic Information System (GIS) based on the
coordinates of the study sites. Temperatures were estimated using
the digital climate map (Yun et al 2013) provided by the Korea
Meteorological Administration and the National Meteorological
Center, and the average values from 1971 to 2008 were used. The
length of the grid is 30 m.
(2) Relationship between environmental factors and abundance
The correlation between the environmental factors at the study
sites and the abundance (number of individuals) of 25 families with
more than 10% of occurrence frequency was analyzed using a cor-
relation analysis. Signiﬁcance was determined based on p< 0.05. In
addition, multiple regression models for various families were
made using a stepwise multiple regression analysis.of individuals per trap) of the most common ﬂy families.
Figure 3. Abundance (number of individual per trap) in most common (>10% occurrence) 25 ﬂy families. Error bars mean one SE. Different letters indicate a signiﬁcant difference
(p< 0.05) in Fisher LSD multicomparison test after one-way ANOVA. ANOVA¼ analysis of variance.
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Figure 3. (continued).
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Figure 3. (continued). Figure 4. Histogram of temperature (annual mean) in occurred sites of ﬂy family. This
pattern is signiﬁcantly different from the normal distribution (ShapiroeWilk normality
test, W¼ 0.9292, p¼ 0.001016). Data for this ﬁgure are provided in Appendix 1.
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In 2012, the Korea Meteorological Administration developed
and distributed a detailed temperature change scenario for the
Korean Peninsula (lattice length: 12.5 km) and South Korea (lattice
length: 1 km) based on the new climate change scenario that was
used in the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change, a UN agency. In this study, the average tem-
peratures in 2011e2015 and those expected in 2056e2065 were
calculated by the grid (1 km2) using the climate change scenarios
RCP 4.5 and RCP 8.5 (1 km resolution) distributed by the Korea
Meteorological Administration and were used to predict
abundance.
(4) Abundance prediction
In general, the species distribution model usually considers
various environmental factors, but factors that can actually be
predicted based on climate change are temperature and precipi-
tation. However, because changes in precipitation vary greatly
depending on the region and period (Yun et al 2013), the prediction
error of precipitation is very high compared to that of temperature.
Due to this reason, predictions are made under the assumption that
factors except temperature are ﬁxed for models (e.g., ecologicalTable 3. Species richness and abundance of ﬂy and abundance of 22 candidate ﬂy famili
Family Korean name 3e7C 7e9C
Species richness 종수 31.790 31.290
Abundance 풍부도 27.382 31.983
Phoridae 벼룩파리과 4.861 17.922
Sciaridae 검정날개버섯파리과 6.250 2.532
Drosophilidae 초파리과 0.900 1.517
Muscidae 집파리과 1.561 2.649
Mycetophilidae 버섯파리과 3.329 1.127
Sphaeroceridae 애기똥파리과 2.000 1.051
Lauxaniidae 큰날개파리과 0.107 0.369
Cecidomyiidae 혹파리과 0.164 0.897
Dolichopodidae 장다리파리과 0.161 0.231
Heleomyzidae 가시날개파리과 1.175 0.907
Psychodidae 나방파리과 0.271 0.331
Chironomidae 깔따구과 0.096 0.192
Anthomyiidae 꽃파리과 1.504 0.249
Tachinidae 기생파리과 0.071 0.088
Empididae 춤파리과 0.214 0.151
Sarcophagidae 쉬파리과 0.011 0.049
Chloropidae 노랑굴파리과 0.386 0.105
Dryomyzidae 대모파리과 0.714 0.251
Keroplatidae e 0.346 0.597
Platystomatidae 알락파리과 0.007 0.027
Ceratopogonidae 등에모기과 0.089 0.071
Anisopodidae 모기파리과 1.121 0.073
* Abundance values in the temperature range of 3e15C are observed values, and thoniche model) that include various environmental factors. However,
such an assumption is highly unrealistic as other environmental
factors besides temperature also change in a complex manner with
temperature change. Therefore, rather than using a complicated
model that considers various factors besides temperature, the use
of a simple model that considers only temperature is logically more
appropriate and may have higher accuracy of prediction. It is more
so in countries like South Korea with almost no information on the
relationship between environmental factors and distribution of
ﬂies. Although various multiple regression models were created
using the seven factors considered in this study, it was thought to
be impractical to make predictions using them as their explanation
powerwas low, being in the range of 2.9e27.3% (Table 1). Therefore,
predictions on changes in abundance were made with the
following method using the mean value of abundance in each
temperature range.
When we analyze the correlation between environmental fac-
tors and 25 families with more than 10% of occurrence (with > 37
study sites), it is found that the correlation between average tem-
perature and abundance is high compared to that between abun-
dance and other environmental factors (Table 2), but it can explain
only 5% of the changes in abundance (Figure 1). This is due to largees in seven temperature bands used for prediction of family abundance.*
9e11C 11e13C 13e15C 15e17C 17e19C
26.640 20.790 18.670 16.770 15.063
27.005 14.701 9.087 5.616 3.471
15.398 7.205 4.187 2.433 1.414
2.816 2.162 1.953 1.765 1.594
1.379 1.145 0.387 0.131 0.044
0.685 0.300 0.153 0.078 0.040
0.799 0.700 0.700 0.700 0.700
0.841 0.315 0.307 0.299 0.291
1.293 0.800 0.153 0.029 0.006
0.934 0.498 0.100 0.020 0.004
0.202 0.298 0.400 0.537 0.721
0.418 0.064 0.000 0.000 0.000
0.342 0.145 0.073 0.037 0.019
0.136 0.152 0.080 0.042 0.022
0.091 0.049 0.000 0.000 0.000
0.139 0.089 0.067 0.050 0.037
0.144 0.030 0.000 0.000 0.000
0.128 0.099 0.047 0.022 0.010
0.092 0.056 0.013 0.003 0.001
0.032 0.001 0.000 0.000 0.000
0.713 0.180 0.020 0.002 0.000
0.040 0.062 0.027 0.011 0.005
0.019 0.011 0.000 0.000 0.000
0.025 0.005 0.000 0.000 0.000
se in 15e19C are values estimated by the neighborhood approximation method.
Table 4. Change of abundance of the 22 candidate ﬂy families according to climate scenarios RCP 4.5 and RCP 8.5.
Family Korean name RCP 4.5 RCP 8.5
2011e2015 2056e2065 Change (%) 2011e2015 2056e2065 Change (%)
Species richness 종수 22.674 20.817 8.191 24.606 19.283 21.631
Abundance 풍부도 17.818 14.053 21.132 21.284 10.838 49.078
Phoridae 벼룩파리과 9.259 7.136 22.929 10.939 5.289 51.649
Sciaridae 검정날개버섯파리과 2.349 2.162 7.959 2.626 2.014 23.298
Drosophilidae 초파리과 1.032 0.789 23.561 1.183 0.561 52.563
Muscidae 집파리과 0.575 0.365 36.603 0.837 0.228 72.783
Mycetophilidae 버섯파리과 0.797 0.738 7.323 0.943 0.713 24.352
Sphaeroceridae 애기똥파리과 0.525 0.422 19.639 0.684 0.355 48.093
Lauxaniidae 큰날개파리과 0.703 0.525 25.371 0.780 0.345 55.751
Cecidomyiidae 혹파리과 0.529 0.372 29.625 0.634 0.234 63.175
Dolichopodidae 장다리파리과 0.296 0.347 17.428 0.261 0.403 54.333
Heleomyzidae 가시날개파리과 0.221 0.120 45.564 0.359 0.055 84.608
Psychodidae 나방파리과 0.191 0.142 25.395 0.234 0.101 56.974
Chironomidae 깔따구과 0.132 0.111 16.076 0.143 0.089 37.309
Anthomyiidae 꽃파리과 0.084 0.043 48.914 0.169 0.021 87.548
Tachinidae 기생파리과 0.095 0.084 11.599 0.101 0.072 28.438
Empididae 춤파리과 0.062 0.038 39.870 0.091 0.019 79.031
Sarcophagidae 쉬파리과 0.087 0.073 16.020 0.090 0.057 36.788
Chloropidae 노랑굴파리과 0.062 0.042 32.674 0.089 0.026 70.123
Dryomyzidae 대모파리과 0.040 0.016 58.941 0.089 0.006 93.731
Keroplatidae e 0.305 0.196 35.542 0.401 0.108 73.171
Platystomatidae 알락파리과 0.044 0.038 13.090 0.043 0.031 28.753
Ceratopogonidae 등에모기과 0.016 0.009 44.048 0.026 0.005 82.247
Anisopodidae 모기파리과 0.030 0.011 61.499 0.083 0.004 94.683
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we compare the mean values of abundance in various temperature
ranges, there is a high relationship between abundance and tem-
perature (Figure 3). In this study, the average temperatures of the
study sites were classiﬁed into six temperature ranges, 3e7C, 7e
9C, 9e11C, 11e13C, 13e15C, and 15e17C, and the mean value
and standard error (SE) of abundance of each family were calcu-
lated by temperature range. If we compare the average values of
abundance across various temperature ranges, it is likely that
families that are distributed in a linear (decrease or increase) or
bell-shaped (normal distribution) form are highly related to tem-
perature. As an analysis result, 22 out of 25 families showed such
distributional patterns in relation to temperature gradient. Abun-
dance was projected using the average value of abundance in each
temperature range (Table 3). The two periods (2010e2015 and
2056e2065) were predicted. As this study was conducted only in
forests, the analysis was conducted only on forested areas. There
are no data on the average abundance at temperatures above 15C,
as temperatures in this range were rare. Therefore, the abundance
in this temperature range was estimated using the neighborhood
approximation method (Kwon et al 2014b). GIS analyses were
conducted using ArcGIS 10.1 (ESRI, Redlands, CA, USA).
Results and discussion
Temperature change according to the climate change scenarios RCP
4.5 and RCP 8.5
According to the climate change scenarios RCP 4.5 and RCP 8.5
(Kwon et al 2014b), it is expected that the average temperature in
South Korea will increase from 12.15C to 13.3C in RCP 4.5, and
from 11.17C to 14.41C in RCP 8.5. The high-temperature range of
above 15C, which barely occurs at present, will increase signiﬁ-
cantly after 50 years: 19% in RCP 4.5 and 43% in RCP 8.5.
Abundance of ﬂies and environment factors
The occurrence of 56 families collected and the temperatures at
the occurred sites are shown in Appendix 2. The frequency ofaverage temperatures at the occurred sites of all families is shown
in Figure 4 and did not follow the normal distribution (Shapiroe
Wilk normality test, W¼ 0.9292, p< 0.01). The distribution is in a
positively skewed unimodal pattern, and the average temperature
of 26 families (39%) was in the range of 9e10C. The correlation
analysis of the environmental factors and the abundance of 25
families (> 10% occurrence) is shown in Table 2. Figure 1 shows a
comparison of R2 (coefﬁcient of determination) values of environ-
mental factors. Environmental factors that had the greatest impact
on the abundance of ﬂies were annual maximum temperature,
altitude, and annual mean temperature. Although there was no
signiﬁcant difference among these three important environmental
factors, there was a signiﬁcant difference between these factors and
the other four factors (annual minimum temperature, precipitation,
vegetation index, and insolation).
Abundance prediction in family level
(1) Quantitative abundance prediction
In the projection of the abundance (nationwide average of
number of individuals per trap) of 22 families according to the
climate change scenarios RCP 4.5 and RCP 8.5, all the families
except Dolichopodidae were expected to decrease (Table 4).
Changes of abundance and distribution were described for each
family in the order from families with higher occurrence (number
of collection sites) to those with lower occurrence. As the species
richness (number of species) and abundance (number of in-
dividuals) of all the families are highly correlated (Table 5), the
abundance prediction result would be similar to the species di-
versity prediction result.
(2) Number of species and abundance
The number of species of Diptera decreased as temperature
increased, and abundance showed a bell-shaped distribution
pattern that is negatively skewed, being highest at 7e9C
(Table 3). The temperature distribution model shows that abun-
dance and richness increase in areas with a high altitude and
Table 5. Regression model of species richness using abundance.
Family Korean name Regression model R2 p
Phoridae 벼룩파리과 y¼ 3.720154þ 0.017510x 0.03319 0.001678
Sciaridae 검정날개버섯파리과 y¼ 2.14163þ 0.13831x 0.2206 2.2ee16
Drosophilidae 초파리과 y¼ 1.78843þ 0.33419x 0.2309 2.2ee16
Muscidae 집파리과 y¼ 1.95516þ 0.29976x 0.1655 3.495ee13
Mycetophilidae 버섯파리과 y¼ 1.86032þ 0.47563x 0.3259 2.2ee16
Sphaeroceridae 애기똥파리과 y¼ 0.89910þ 0.20814x 0.113 3.186ee09
Lauxaniidae 큰날개파리과 y¼ 1.14752þ 0.42123x 0.2348 2.2ee16
Cecidomyiidae 혹파리과 y¼ 1.12274þ 0.22748x 0.1226 6.242ee10
Dolichopodidae 장다리파리과 y¼ 0.61105þ 0.96275x 0.3089 2.2ee16
Heleomyzidae 가시날개파리과 y¼ 0.46183þ 0.33572x 0.2324 2.2ee16
Psychodidae 나방파리과 y¼ 0.51648þ 0.35846x 0.1557 1.989ee12
Chironomidae 깔따구과 y¼ 0.36775þ 1.55404x 0.4249 2.2ee16
Tachinidae 기생파리과 y¼ 0.3034þ 3.0559x 0.5909 2.2ee16
Anthomyiidae 꽃파리과 y¼ 0.57248þ 0.36942x 0.1948 1.722ee15
Calliphoridae 검정파리과 y¼ 0.30822þ 2.46475x 0.508 2.2ee16
Empididae 춤파리과 y¼ 0.31671þ 1.48084x 0.3465 2.2ee16
Limoniidae 애기각다귀과 y¼ 0.25481þ 1.83581x 0.3399 2.2ee16
Sarcophagidae 쉬파리과 y¼ 0.28104þ 0.65488x 0.1668 2.765ee13
Chloropidae 노랑굴파리과 y¼ 0.31111þ 0.54159x 0.1846 1.108ee14
Fanniidae d y¼ 0.13139þ 4.22080x 0.6856 2.2ee16
Dryomyzidae 대모파리과 y¼ 0.20543þ 0.87200x 0.3689 2.2ee16
Keroplatidae d y¼ 0.19659þ 0.08062x 0.1395 3.348ee11
Ceratopogonidae 등에모기과 y¼ 0.10646þ 2.63873x 0.4744 2.2ee16
Platystomatidae 알락파리과 y¼ 0.12166þ 1.78902x 0.3724 2.2ee16
Anisopodidae 모기파리과 y¼ 0.10909þ 0.14994x 0.1516 4.048ee12
Anthomyzidae d y¼ 0.07349þ 0.30659x 0.6807 2.2ee16
Asilidae 파리매과 y¼ 0.02845þ 4.63318x 0.6605 2.2ee16
Scatopsidae 털파리붙이과 y¼ 0.06882þ 1.21234x 0.2192 2.2ee16
Clusiidae d y¼ 0.05459þ 1.20325x 0.268 2.2ee16
Syrphidae 꽃등에과 y¼ 0.05957þ 1.53033x 0.3289 2.2ee16
Tipulidae 각다귀과 y¼ 0.05051þ 1.98036x 0.5823 2.2ee16
Therevidae 좀파리매과 y¼ 0.03054þ 1.90268x 0.4701 2.2ee16
Agromyzidae 굴파리과 y¼ 0.025735þ 2.849265x 0.6085 2.2ee16
Stratiomyiidae 등에과 y¼ 0.014001þ 4.940765x 0.6741 2.2ee16
Culicidae 모기과 y¼ 0.002126þ 8.982991x 0.9508 2.2ee16
Lonchopteridae 뾰족날개파리과 y¼ 0.014035þ 4.929825x 0.7043 2.2ee16
Rhagionidae 노랑등에과 y¼ 0.005411þ 5.183533x 0.8634 2.2ee16
Opomyzidae d y¼ 0.012474þ 1.975052x 0.632 2.2ee16
Bibionidae 털파리과 y¼ 0.010147þ 3.481094x 0.6954 2.2ee16
Ditomyiidae d y¼ 0.002664þ 6.904635x 0.8877 2.2ee16
Macroceridae d y¼ 4.215ee18þ 1.000eþ 01x 1.000 2.2ee16
Pipunculidae 장구등에과 y¼ 0.008451þ 4.507042x 0.6439 2.2ee16
Tephritidae 과실파리과 y¼ 0.001919þ 7.762855x 0.9057 2.2ee16
Psilidae d y¼ 0.015925þ 2.305220x 0.7077 2.2ee16
Ephydridae 물가파리과 y¼ 6.418ee18þ 1.000eþ 01x 1.000 2.2ee16
Platypezidae d y¼ 0.001919þ 7.762855x 0.9057 2.2ee16
Sepsidae 꽃지파리과 y¼ 0.001525þ 4.437667x 0.8875 2.2ee16
Scathophagidae 똥파리과 y¼ 0.001086þ 6.310644x 0.9466 2.2ee16
Lonchaeidae d y¼6.060ee19þ 1.000eþ 01x 1.000 2.2ee16
Trichoceridae 어리각다귀과 y¼ 0.001373þ 5.991764x 0.8988 2.2ee16
Cylindrotomidae d y¼6.060ee19þ 1.000eþ 01x 1.000 2.2ee16
Lygistorrhinidae d y¼6.060ee19þ 1.000eþ 01x 1.000 2.2ee16
Piophilidae d y¼ 0.003413þ 3.321957x 0.6644 2.2ee16
Xylomyidae d y¼ 0.001140þ 6.659065x 0.8879 2.2ee16
Chamaemyiidae d y¼6.060ee19þ 1.000eþ 01x 1.000 2.2ee16
Milichiidae d y¼6.060ee19þ 1.000eþ 01x 1.000 2.2ee16
Conopidae 벌붙이파리과 y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Diophilidae d y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Manotidae d y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Pediciidae d y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Pyrgotidae 풍뎅이파리과 y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Rachiceridae d y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Simuliidae 먹파리과 y¼3.030ee19þ 1.000eþ 01x 1.000 2.2ee16
Strongylophthalmyiidae d y¼3.030ee19þ 1.000eþ01x 1.000 2.2ee16
Tanyderidae 어리모기각다귀붙이과 y¼3.030ee19þ 1.000eþ01x 1.000 2.2ee16
Teratomyzidae d y¼3.030ee19þ 1.000eþ01x 1.000 2.2ee16
CM Lee et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 349e370356cold weather (Figures 5 and 6). It was predicted that richness
and abundance will decrease, respectively, by 8.2% and 21.1%
in RCP 4.5 and by 21.6% and 49.1% in RCP 8.5 (Table 4). This
decrease projection was also found in the distribution maps
(Figures 5 and 6).Phoridae
Approximately 4000 species and 230 genera of Phoridae are
found worldwide (Wikipedia 2015), and three species and three
genera are recorded in the recently published South Korean Insect
Figure 5. Change in species richness and abundance of ﬂy family and abundance of 22 candidate ﬂy families, according to climate scenario RCP 4.5.
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varying feeding habits and ecological niches (Disney 1994). The
abundance of this family showed a negative correlation only with
minimum temperature (Table 1), and the average temperature and
minimum temperature had a signiﬁcant impact on abundance in
the multiple regression analysis (Table 1). According to the result of
this study, the ﬂies are distributed nationwide and had the highest
occurrence of 99%, being collected in 292 sites (Appendix 2). This
family occurred in the temperature range of 3.2e14.1C, and the
average temperature (annual average temperature) of the occurred
sites was 9.9C. Abundance was expected to decrease by 22.9% in
RCP 4.5 and 51.6% in RCP 8.5 with climate warming (Table 4). In the
case of the current distribution in RCP 4.5, the southern and coastal
areas with a high temperature had relatively low abundance, and
this trend will be intensiﬁed with an increase in temperature
(Figure 5). In the case of the current distribution in RCP 8.5,
abundance was low in the central mountainous area of Gangwon-
do, but this trend will be reversed and the area will have the
highest abundance after 50 years (Figure 6).Sciaridae
There are more than 20,000 species of Sciaridae in theworld and
they are broadly distributed (Shin 2013). In South Korea, there are 61
species belonging to 15 genera (Shin 2013). Sciaridae have black
wings, feed on fungi, and usually inhabit moist environments
(Wikipedia 2015). They are pests of cultivated mushrooms and also
commonly found in ﬂowerpots. The abundance of this family was ina negative correlation with annual minimum temperature, annual
maximum temperature, and annual average temperature, but was
in a positive correlationwith precipitation, showing their preference
for humid environment (Table 2). In this study, they were distrib-
uted nationwide and had the second highest occurrence of 96%,
being collected in 282 sites (Appendix 2). This family occurred in the
temperature range of 3.2e14.1C, and the mean of annual average
temperatures of occurred sites was 9.9C. Abundance decreased by
8% in RCP 4.5 and 23.3% in RCP 8.5 with an increase in temperature
(Table 4). In the case of the current distribution in RCP 4.5 and RCP
8.5, abundance was high in the mountainous area in Gangwon-do,
which is expected to decrease substantially with an increase in
temperature after 50 years (Figures 5 and 6).Drosophilidae
More than 4000 species and 75 genera of Drosophilidae are
found in the world (Wikipedia 2015), and 117 species and 17 genera
are recorded in the recently published Korean Insect List (Paek et al
2010). They are yellow, 3e4 mm in length, and usually found near
decomposing plant materials and fruits (Triplehorn and Johnson
2005). Palearctic species are 1.5e7 mm in length, and their eyes
are red when alive. They grow in decaying organic matter
(Wikipedia 2015). Most of them are fungivorous, but some roll
leaves or feed on other insects (Kim 2005). The abundance of this
family was not in a signiﬁcant correlation with environmental
factors (Table 2), but considering that they showed a bell-shaped
pattern of distribution with the highest abundance in the
Figure 5. (continued)
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by temperature (Figure 3). They were distributed nationwide and
had the third highest occurrence of 84%, being collected in 248 sites
(Appendix 2). This family occurred in the temperature range of
3.2e14.1C, and the mean of annual average temperatures of the
occurred sites was 9.8C. Abundance was expected to decrease
substantially by 24% in RCP 4.5 and 53% in RCP 8.5 with an increase
in temperature (Table 4). The current distribution in both RCP 4.5
and RCP 8.5 was high in the inland area, especially Gangwon-do,
and abundance was low in the southern region and coastal areas.
Areas with low abundance are expected to increase after 50 years.
Abundance will be high only in the mountainous areas in
Gangwon-do and the highlands of the Baekdudaegan in the
southern region, and lowlands will show low abundance (Figures 5
and 6).Muscidae
More than 4000 species and 100 genera of Muscidae are found
worldwide (Wikipedia 2015), and 25 species and 12 genera are
recorded in the recently published Korean Insect List (Paek et al
2010). Most of them inhabit natural habitats rather than human
residence (Wikipedia 2015). Musca domestica is the most well-
known pest; they are insect vectors for various diseases (typhoid
fever, dysentery, yaws, antrax, etc.; Triplehorn and Johnson 2005).
Imagoes are carnivorous, hematophagous, and saprophagous, and
feed on various plants and dung of animals (Wikipedia 2015). Theabundance of this family showed a signiﬁcant correlation with
temperature and altitude. It increased with a decrease in temper-
ature and an increase in altitude (Table 2). According to the mul-
tiple regression analysis, annual average temperature had the
highest impact and the R2 value of the model was second highest.
Abundance of this family was signiﬁcantly higher at a low tem-
perature (< 9C) than at a high temperature (Figure 3). They had
the fourth highest occurrence at 81%, being collected in 240 sites
(Appendix 2). This family occurred in the temperature range of
3.2e13.9C, and the mean of annual average temperatures of the
occurred sites was 9.7C (Appendix 2). Abundance will decrease by
37% in RCP 4.5 and 73% in RCP 8.5 after 50 years (Table 4). In both
RCP 4.5 and RCP 8.5, abundance was low in all areas except the
highlands in Gangwon-do, and areas with high abundance will
greatly decrease during the next 50 years (Figures 5 and 6).Mycetophilidae
There are about 3000 species and 150 genera of Mycetophilidae
in the world (Wikipedia 2015), and onlyMonoclona braueri is listed
in the recently published Korean Insect List (Paek et al 2010).
Terrestrial larvae usually feed on fungi, but some eat moss or liv-
erworts. Some are carnivorous but feed on fungi at the same time
(Wikipedia 2015). Imagoes are usually found in damp places with a
lot of decomposing plants or moss. The larvae of most species
inhabit moss, damp soil, and decomposing plants (Triplehorn and
Johnson 2005). The abundance of this family was found to have a
Figure 5. (continued)
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creases with a decrease in temperature and an increase in altitude
(Table 2). In addition, abundance increased in dense forests as it is
in a positive correlation with vegetation index and precipitation,
indicating that this family prefers humid environment (Table 2). In
the multiple regression analysis, altitude and vegetation index had
a signiﬁcant impact, and the R2 value was 0.163. The abundance of
Mycetophilidaewas highest in the low-temperature range of 3e7C
(Figure 3). They had the ﬁfth highest occurrence at 77%, being
collected in 226 sites (Appendix 2). This family occurred in the
temperature range of 3.2e13.9C, and the mean of annual average
temperatures of the occurred sites was 9.8C (Appendix 2). Abun-
dance will decrease by 7.3% in RCP 4.5 and 24.4% in RCP 8.5 after 50
years (Table 4). In both RCP 4.5 and RCP 8.5, the current abundance
was low in all areas except the highlands in Gangwon-do, and areas
with high abundance will greatly decrease during the next 50 years
(Figures 5 and 6).Sphaeroceridae
About 1300 species and 125 genera of Sphaeroceridae are found
in the world (Wikipedia 2015), and only Ischiolepta draskovitsae is
recorded in the recently published Korean Insect List (Paek et al
2010). Most of the larvae feed on microorganisms and are abun-
dant in areas where organic matter decompose, and most of the
species feed on decaying plants or fungi (Wikipedia 2015). They are
very small black or brown ﬂies (Triplehorn and Johnson 2005), andmany species feed on various types of dung including that of
humans, and a few species feed on carrion (Wikipedia 2015). Most
of Palearctic species are related to rotten plants (dead leaves, needle
leaf piles, decomposed herbs, lumber, compost, piled seaweed,
fungi, etc.) in open habitats and forest ecosystems or rotten animal
matter (dung, and carcasses of vertebrates and invertebrates;
Triplehorn and Johnson 2005). Abundance showed a negative
correlation with temperature and a positive correlation with pre-
cipitation, insolation, vegetation index, and altitude (Table 2). In the
multiple regression analysis, the maximum temperature and alti-
tude had a signiﬁcant impact, and the R2 value was 0.189. The
abundance of Sphaeroceridae was the highest in the low-
temperature range of 3e7C and it decreased with an increase in
temperature (Figure 3). They had the sixth highest occurrence at
76%, being collected in 224 sites (Appendix 2). This family occurred
in the temperature range of 3.2e14.1C, and the mean of annual
average temperatures of the occurred sites was 9.5C (Appendix 2).
Abundance will decrease by 20% in RCP 4.5 and 48% in RCP 8.5 after
50 years (Table 4). In both RCP 4.5 and RCP 8.5, the current abun-
dance was low in all areas except in the areas close to the inland
areas of Gangwon-do, and areas with high abundance will decrease
greatly during the next 50 years (Figures 5 and 6).Lauxaniidae
About 1800 species and 126 genera of Lauxaniidae are found
worldwide, and most of them are distributed in tropical regions in
Figure 5. (continued)
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(Wikipedia 2015). Lauxaniid species diversity greatly drops toward
more temperate regions (Wikipedia 2015). Ten species that
comprise two genera are recorded in the recently published Korean
Insect List (Paek et al 2010). Most of the species inhabit forests, and
the adults are usually found sitting on leaves of the understory
(Wikipedia 2015). Most of the larvae in this family grow on dead
leaves (Marshall 2006). All the species the habitats of which are
known are saprophagous, and some species inhabit dead leaves
(Papp and Shatalkin 1998). Abundance was in a negative correla-
tion with precipitation and altitude, and a positive correlation with
the maximum temperature, showing a different pattern from other
families in the relationships of abundance with environmental
factors (Table 2). In the multiple regression analysis, altitude and
maximum temperature had a signiﬁcant impact, and the R2 value
was 0.097. The abundance of Lauxaniidae showed a bell-shaped
distribution pattern, which has the highest abundance at 9e11C
(Figure 3). Their occurrence was seventh highest at 72%, being
collected in 212 sites (Appendix 2). This family occurred in the
temperature range of 9.7e11.1C, and the mean of annual average
temperatures of the occurred sites was 10.1C (Appendix 2).
Although the temperature of the habitable range was relatively
high, abundance is expected to decrease by 25% in RCP 4.5 and 56%
in RCP 8.5 after 50 years (Table 4). In both RCPs 4.5 and 8.5, the
current abundance was low in the southern region and the high-
lands in Gangwon-do. In RCP 4.5, areas of low abundance will
gradually expand in the southern region but shrink in the highlandsof Gangwon-do. In RCP 8.5, after 50 years, the abundance will in-
crease in the uplands in Gangwon-do with low current abundance,
while it will decrease in regions with high current abundance
(Figures 5 and 6).
Cecidomyiidae
More than 6000 species and 783 genera of Cecidomyiidae are
found worldwide (Wikipedia 2015), and 26 species and 15 genera
are listed in the recently published Korean Insect List (Paek et al
2010). They are very fragile and small, usually 2e3 mm in length,
and many are less than 1 mm long (Wikipedia 2015). Most of the
larvae live within plant tissues and make galls (Wikipedia 2015).
Some species feed on plants without creating galls or live inside
rotting plants, lumber, and fungi (Triplehorn and Johnson 2005).
Galls created by Cecidomyiidae occur in most of the parts of a plant
(Triplehorn and Johnson 2005). Based on their various feeding
habits, the larvae can be classiﬁed into the following types: carni-
vores, which feed on aphids, mites, coccids, and borers; detri-
tivores, which feed on rotten food, bark, dead tree, and dung; and
herbivores, which create galls (Kim 2005). The abundance of this
family is in a negative correlation with minimum temperature
(Table 2), and minimum temperature also had a signiﬁcant impact
in the multiple regression analysis. The R2 value of the regression
model was 0.034. The abundance showed a bell-shaped distribu-
tion pattern, which has the highest abundance at 9e11C (Figure 3).
They had the eighth highest occurrence at 64%, being collected in
Figure 5. (continued)
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in a relatively broad range of 4.0e14.1C, and the mean of annual
average temperatures of the occurred sites was 9.9C (Appendix 2).
Abundance is expected to decrease by 30% in RCP 4.5 and 63% in
RCP 8.5 after 50 years (Table 4). With regard to the current abun-
dance, while it was low in the southern region and coastal areas
and high in areas with a high altitude in RCP 4.5 (Figure 5), it was
very low in the highlands of Gangwon-do due to a low temperature
in RCP 8.5 (Figure 6). High-abundance areas are expected to
decrease in RCP 4.5; in RCP 8.5, not only will the reduction rate be
higher in areas densewith Cecidomyiidae, but the abundance in the
highlands of Gangwon-do, being currently low, will also be highest
(Figures 5 and 6).Dolichopodidae
More than 7000 species and 230 genera of Dolichopodidae are
found worldwide (Wikipedia 2015), and three species and three
genera are listed in the recently published Korean Insect List (Paek
et al 2010). Dolichopodidae are small but have large emergent eyes
and metallic luster, and most have long legs. Their size is large, in
the range of 1e9 mm (Wikipedia 2015). The adults are predators,
feeding on springtails, aphids, and earthworms, and the larvae are
also predators, living in moist environments including soil and
rotting organic matter (Wikipedia 2015). Many of the adults inhabit
waterside and are found on ﬂowers, leaves, and bark; they usually
feed on small ﬂies, small insects, and spiders (Kim 2005). The larvaelive inside water, mud, rotting tree trunks, and grass stems and
under tree trunks (Triplehorn and Johnson 2005). The abundance of
this family is in a positive correlationwith insolation and a negative
correlation with vegetation index, showing a preference for bright
places (Table 2). Among the temperature factors, minimum tem-
perature showed a positive correlation, while other families were in
a negative correlation with the temperature factors (Table 2). By
contrast, the multiple regression analysis revealed that annual
average temperature and altitude had a signiﬁcant impact (Table 1).
The R2 value of the regression model was 0.073. The abundance of
Dolichopodidae increased with an increase in temperature
(Figure 3 and Table 3). In this study, the occurrence was ninth
highest (58%), being collected at 170 sites (Appendix 2). This family
occurred in a relatively wide temperature range of 4.0e14.1C, and
the mean of annual average temperatures of the occurred sites was
10C (Appendix 2). The abundance will increase by 17.4% in RCP 4.5
and 53.3% in RCP 8.5 after 50 years (Table 4). In RCP 4.5, the current
abundance was high only in Gyeongnam province, but the abun-
dancewill be high in all the southern areas after 50 years (Figure 5).
In RCP 8.5, the abundance was slightly high in the southern coastal
areas, but after 50 years, it will be high in all areas except the inland
areas of Gangwon-do (Figure 6).Heleomyzidae
More than 650 species and 80 genera of Heleomyzidae are found
worldwide (Wikipedia 2015), and three species and three genera
Figure 5. (continued)
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2010). The larvae of Heleomyzidae feed on rotting plant and ani-
mal matter, mushrooms, and fungi (Wikipedia 2015). The adults are
found in damp and dark places, and the larvae inhabit rotting plant
and animal matter or fungi (Triplehorn and Johnson 2005). The
abundance of this family was in a signiﬁcant correlationwith all the
factors except insolation (Table 2). The abundance showed a
negative correlation with temperature and a positive correlation
with altitude, indicating that it increases with an increase in alti-
tude. It showed a positive correlation with vegetation index and
precipitation (Table 2). By contrast, in the multiple regression
analysis, only annual average temperature and precipitation had a
signiﬁcant impact (Table 1). The R2 of the regression model was
highest at 0.273. In this study, the occurrence was tenth highest at
50.5%, being collected in 149 sites (Appendix 2). This family
occurred in the temperature range of 3.2e12.9C, and the mean of
annual average temperatures of occurred sites was low at 8.7C
(Appendix 2). It was predicted that the abundance will decrease by
46% in RCP 4.5 and 84% in RCP 8.5 after 50 years (Table 4). The
current abundance was highest in Gangwon-do and somewhat
high in nearby uplands, but the abundance is expected to decrease
greatly in areas with relatively high abundance, and will be rela-
tively high only in the highlands in Gangwon-do (Figures 5 and 6).Psychodidae
Psychodidae is a family of small ﬁleswith hairy bodies and have a
moth-like appearance (<2 mm in length), and they usually live inmoist environments (Wikipedia 2015). Four species and 12 genera
are listed in the recently published Korean Insect List (Paek et al
2010). The adults live in damp and dark places, and a lot of them
are sometimes found in drains (Triplehorn and Johnson 2005). The
larvae inhabit decayingmaterials, mud, moss, andwater (Triplehorn
and Johnson 2005). The abundance of this family is high at low
temperatures (3e11C) and low at high temperatures (11e15C),
and their optimum temperature range is 9e11C (Figure 3 and
Table 3). As the abundance had a bell-shaped distribution according
to the gradient of temperatures, it did not show a signiﬁcant cor-
relation with the temperature factors, but was in a positive corre-
lation with precipitation, vegetation index, and altitude (Table 2). In
the multiple regression analysis, only precipitation and vegetation
index had a signiﬁcant impact, and the R2 value of the regression
model was low, 0.04 (Table 1). In this study, the occurrence was
46.8%, being collected in 138 sites (Appendix 2). This family occurred
in a wide temperature range of 3.2e14.1C, and the mean of annual
average temperatures of the occurred sites was 9.4C (Appendix 2).
It was predicted that the abundance will decrease by 25% in RCP 4.5
and 57% in RCP 8.5 after 50 years (Table 4). The current abundance
was high in Gangwon-do and adjacent areas, but the areas with
relatively high abundance will decrease, and the reduction rate will
be greater in RCP 8.5 (Figures 5 and 6).Chironomidae
Chironomidae look similar to mosquitoes and are known to
inhabit waters, but a lot of them were caught in pitfall traps in this
Figure 6. Change in species richness and abundance of ﬂy family and abundance of 22 candidate ﬂy families, according to climate scenario RCP 8.5.
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habitats such as streams and rivers, but it is thought that there are
also a lot of them inhabiting forests. Chironomidae live not only in
aquatic habitats, but also in semiaquatic habitats, tree holes,
decaying materials, soil, and sewage (Wikipedia 2015). On the
ground, chironomids inhabit moist places, such as decaying ma-
terials, soil, underneath of dead trees, and where there are a lot of
organic matter (Triplehorn and Johnson 2005). A total of 71 species
and 37 genera are listed in the recently published Korean Insect List
(Paek et al 2010). The abundance of this family was highest in the
temperature range of 7e9C (Figure 3 and Table 3). There was no
signiﬁcant factor according to correlation analysis and multiple
regression analysis (Tables 1 and 2). In this study, the occurrence
was 44%, being collected in 130 sites (Appendix 2). This family
occurred in a wide temperature range of 4.0e14.1C, and the mean
of annual average temperatures of the occurred sites was 9.9C
(Appendix 2). It was predicted that the abundance will decrease by
16% in RCP 4.5 and 37% in RCP 8.5 (Table 4). In the case of current
abundance, chironomids were evenly distributed nationwide, un-
like other families; however, areas with high abundance will
decrease after 50 years, and Gangwon-do and neighboring areas
will have relatively high abundance (Figures 5 and 6).
Anthomyiidae
Anthomyiidae resemble small houseﬂies and many are gray
(Wikipedia 2015). Larvae of some species feed on decaying plants
and some are feeders of seaweeds (Wikipedia 2015). Their bodies
are similar to or smaller than houseﬂies in terms of size. Most of thelarvae feed on plants and their roots, and some species are serious
agricultural pests of garden and grain plants (e.g., wheat;
Triplehorn and Johnson 2005). A total of 121 species and 27 genera
are listed in the recently published Korean Insect List (Paek et al
2010). The abundance of this family was highest at low tempera-
tures of 3e7C, and a few were caught at temperatures above 13C
(Figure 3 and Table 3). Abundance had a signiﬁcant correlationwith
all the factors except insolation in the correlation analysis (Tables 1
and 2). Abundance was high in high mountains with low temper-
atures, indicating a negative correlation with the temperature
factors and a positive correlation with altitude. It was in a positive
correlation with vegetation index and precipitation. In this study,
the occurrence was 41.4%, being collected in 122 sites (Appendix 2).
This family occurred in the temperature range of 3.2e12.8C, and
the mean of annual average temperatures of occurred sites was low
(8.7C; Appendix 2). It was predicted that the abundance will
decrease by 49% in RCP 4.5 and 88% in RCP 8.5 (Table 4). Regarding
the current abundance, Anthomyiidae were relatively highly
distributed in narrow areas in high mountains in Gangwon-do, but
most of these areas will disappear after 50 years (Figures 5 and 6).
Tachinidae
More than 8200 species of Tachinidae are found worldwide
(Wikipedia 2015), and 57 species and 36 genera are listed in the
recently published Korean Insect List (Paek et al 2010). All the
species in this family are parasites of arthropods and feed on various
arthropods such as caterpillars of butterﬂies and moths, adult
beetles, beetle larvae, sawﬂy larvae, stinkbugs, leafhoppers, and
Figure 6. (continued)
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host, and the hatched larvae burrow into the skin (Triplehorn and
Johnson 2005). The abundance of this family showed a bell-
shaped pattern with the highest abundance in the temperature
range of 9e11C (Figure 3 and Table 3). Although no factor showed a
signiﬁcant impact on the abundance in the correlation analysis, in
the multiple regression analysis, precipitation and altitude had a
signiﬁcant impact (Table 2). The R2 value of the regression model
was low at 0.04. Occurrence was 41%, being collected in 120 sites
(Appendix 2). This family occurred in a relatively broad temperature
range of 3.9e13.7C, and the mean of annual average temperatures
of the occurred siteswas 9.8C (Appendix 2). Abundance is expected
to decrease by 12% in RCP 4.5 and 28% in RCP 8.5 after 50 years
(Table 4). Regarding the current abundance, in RCP 4.5, Tachinidae
were evenly distributed nationwide and in high abundance in
Gangwon-do, followed by in neighboring areas and the southern
Baekdudaegan, but the abundant areas will be narrowed down to
Gangwon-do (Figure 5). In RCP 8.5, the abundance was low in
coastal areas and high mountains in the inland areas of Gangwon-
do, and high in the border of Gyeonggi and Gangwon, Chungbuk,
western Jeonbuk and northeastern Gyeongbuk; however, moun-
tainous areas in Gangwon with the lowest abundance at present
will have the highest abundance, and after 50 years, the abundance
will decrease in other areas with high abundance at present
(Figure 6).
Empididae
Over 3000 species of Empididae are found worldwide
(Wikipedia 2015), and three species and one genus are listed in therecently published Korean Insect List (Paek et al 2010). They are
small-to medium-sized ﬂies without metallic gloss and are quite
hairy (Wikipedia 2015). Empididae are dark in color, and no spe-
cies have metallic gloss, and they feed on small insects and
sometimes honey from ﬂowers (Triplehorn and Johnson 2005).
The adults are usually found in moist habitats with a lot of vege-
tation (Triplehorn and Johnson 2005). The larvae inhabit various
habitats such as soil, decaying plant matter, dung, underneath of
dead trees, and inside of water, but all of them are predators
(Triplehorn and Johnson 2005). They are mainly distributed in
temperate regions, most bunch together, and males display
courtship behavior to females (food sharing; Kim 2005). The
abundance of this family was highest in low temperatures of 3e
7C, and they were rarely caught at temperatures above 13C
(Figure 3, Table 3). Abundance had a signiﬁcant correlation with all
the factors except insolation and precipitation in the correlation
analysis (Table 2). It was in a negative correlation with the tem-
perature factors and a positive correlation with altitude and
vegetation index (Table 2). Only annual average temperature had a
signiﬁcant impact on the abundance in the multiple regression
analysis (Table 1). The R2 value of the regression model was low
(0.06). The occurrence was 34%, being collected in 101 sites
(Appendix 2). This family occurred in the temperature range of
3.9e13C, and the mean of annual average temperatures of the
occurred sites was low (9.3C; Appendix 2). It was predicted that
the abundance will decrease by 40% in RCP 4.5 and 79% in RCP 8.5
(Table 4). With respect to the current abundance, Empididae were
abundantly distributed in Gangwon and neighboring areas, but
only mountainous areas in Gangwon will be abundant after 50
years (Figures 5 and 6).
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Sarcophagidae hatch maggots inside the host and lay them on
carrion, dung, decaying materials, or open wounds of mammals
(oviparous; Wikipedia 2015). Sarcophagid larvae are internal par-
asites of Orthoptera, in particular the Miltogramminae, and are
kleptoparasites of solitary Hymenoptera (Wikipedia 2015). Eigh-
teen species and 42 genera are listed in the recently published
Korean Insect List (Paek et al 2010). Many species in this family are
saprophagous, feeding on carrion, and some are internal parasites
of vertebrates and usually grow in open wounds (Triplehorn and
Johnson 2005). Most of miltogrammatin ﬂies grow inside bee or
wasp hives (Triplehorn and Johnson 2005). The abundance of Sar-
cophagidae showed a bell-shaped distribution pattern, which has
the highest abundance at a middle temperature range of 9e11C
(Figure 3 and Table 3). There was no signiﬁcant factor that has an
impact on abundance, according to correlation analysis and mul-
tiple regression analysis (Tables 1 and 2). In this study, the occur-
rence was 33%, being collected in 98 sites (Appendix 2). This family
occurred in a wide temperature range of 3.9e13.6C, and the mean
of annual average temperatures of the occurred sites was 10.1C
(Appendix 2). It was predicted that the abundance will decrease by
16% in RCP 4.5 and 37% in RCP 8.5 (Table 4). Regarding the current
abundance, Sarcophagidae were evenly distributed nationwide,
and the changes in distribution patterns were not large compared
with those of other families. However, in RCP 4.5, Sarcophagidae
were not found in mountainous areas in Gangwon at present, but
after 50 years, they will appear in these areas and the abundance
will decrease in the southern region (Figure 5). In RCP 8.5, theabundance was low in Gangwon and high in other areas, but this
will be reversed after 50 years, i.e. Gangwon will be abundant,
while the abundance in other areas will decrease (Figure 6).
Chloropidae
About 2000 species and 160 genera of Chloropidae are found
worldwide (Wikipedia 2015), and 17 species and seven genera are
listed in the recently published Korean Insect List (Paek et al 2010).
Most of Chloropid larvae feed on plants, in particular herbs, and
some are signiﬁcant pests of rice and wheat (Wikipedia 2015). They
are commonly found on grasses, and the larvae feed on grass stems
(Triplehorn and Johnson 2005). They tend to ﬂy into eyes, causing
eye diseases; 22 species of this family are found in South Korea
(Kim 2005). The abundance of the family was signiﬁcantly high in
the lowest temperature range of 3e7C and decreased with an
increase in temperature above 7C (Figure 3 and Table 3). In the
correlation analysis, the abundance was in a signiﬁcant correlation
with the factors other than insolation and vegetation index, and in a
negative correlation with the temperature factors and a positive
correlation with precipitation and altitude (Tables 1 and 2). In this
study, the occurrence was 32%, being collected in 95 sites
(Appendix 2). This family occurred in a wide temperature range of
3.9e13.7C, and the mean of annual average temperatures of the
occurred sites was 9.7C (Appendix 2). It was predicted that the
abundance will decrease by 33% in RCP 4.5 and 70% in RCP 8.5
(Table 4). The inland areas of Gangwon-do had the highest abun-
dance at present, and these areas will greatly decrease due to an
increase in temperature after 50 years (Figure 6).
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A total of 22 species and six genera of Dryomyzidae are found
worldwide (Wikipedia 2015), and one species and one genus are
listed in the recently published Korean Insect List (Paek et al 2010).
The larvae feed on rotting organic matter, carrion, dung, and fungi,
and the adults inhabit moist, shady habitats in low-growing vege-
tation (Wikipedia 2015). Some larvae grow in seaweed piles and
most humid forests (Triplehorn and Johnson 2005). They are me-
dium to large in size, very hairy, and yellow, brown, and grayish black
in color (Kim 2005). The abundance of this family was highest in 3e
7C and rapidly decreased with an increase in temperature (Figure 3
and Table 3). In the correlation analysis, the abundance was signiﬁ-
cantly correlatedwith all the factors except insolation. It was also in a
negative correlation with the temperature factors and a positive
correlation with precipitation and altitude (Tables 1 and 2). In the
multiple regression analysis, altitude was the only factor that had a
signiﬁcant impact (Table 1). In this study, the occurrence was 22%,
being collected in 65 sites (Appendix 2). This family occurred in a
temperature range of 3.2e11C, and the mean of annual average
temperatures of the occurred sites was 7.5C (Appendix 2). It was
predicted that the abundance will decrease by 59% in RCP 4.5 and
94% in RCP 8.5 (Table 4). At present, the abundance was high in the
inland areas of Gangwon-do and it is expected to decrease; in
particular, it will almost disappear in RCP 8.5 (Figure 6).
Keroplatidae
There are approximately 950 species of Keroplatidae in the
world, but it is thought more species still remain to be identiﬁed(Wikipedia 2015). There is no record of the family in the recently
published Korean Insect List (Paek et al 2010). Keroplatidae live in
forests, mainly feed on fungi, and inhabit moist habitats where
fungi grow well (Wikipedia 2015). The abundance of this family is
highest in the temperature range of 9e11C, showing a bell-shaped
pattern (Figure 3 and Table 3). Abundance showed a negative cor-
relation with minimum temperature in the correlation analysis,
and the result was the same in the multiple regression analysis
(Tables 1 and 2). In this study, the occurrence was 20%, being
collected in 59 sites (Appendix 2). This family occurred in the
temperature range of 5.5e13.9C, and the mean of annual average
temperatures of the occurred sites was 9.9C (Appendix 2). It was
predicted that the abundance will decrease by 36% in RCP 4.5 and
73% in RCP 8.5 (Table 4). Keroplatidae are widely distributed except
in the southern region at present, but the distributed areas will be
narrowed down to the mountainous areas in Gangwon-do after 50
years (Figures 5 and 6).
Platystomatidae
There are approximately 1200 species and 119 genera of Pla-
tystomatidae (Wikipedia 2015), and 15 species and three genera
are listed in the recently published Korean Insect List (Paek et al
2010). The adults are found in tree trunks, plants, decaying
fruits, dung, and rotten snails, and the larvae are found in plants
or rotting plants, carrion, or tubercles (Paek et al 2010). Most of
the larvae are saprophagous or herbivorous, and some are
carnivorous (Wikipedia 2015). The adults of many species are
found in forests, but some are found in dunes or other types of
vegetation. The abundance of this family is highest in the
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tion pattern (Figure 3 and Table 3). No factor had a signiﬁcant
effect on abundance in correlation and regression analyses
(Tables 1 and 2). In this study, the occurrence was 18%, being
collected in 54 sites (Appendix 2). This family occurred in a wide
temperature range of 6.1e13.9C, and the mean of annual average
temperatures of the occurred sites was 10.3C (Appendix 2). It
was predicted that the abundance will decrease by 13% in RCP 4.5
and 29% in RCP 8.5 (Table 4). At present, this family occurred in all
areas except Gangwon-do and neighboring areas; in future, it will
occur in these areas but decrease in the southern region (Figures 5
and 6).
Ceratopogonidae
Most of the female Ceratopogonidae are hematophagous,
and the larvae are found under tree trunks, rotten dead trees,
swamps, streams, tree holes, and plants that contain water
(Wikipedia 2015). A total of 30 species and two genera are listed
in the recently published Korean Insect List (Paek et al 2010).
Ceratopogonidae are very small, but some species are serious
pests (Triplehorn and Johnson 2005). Many species in this family
are ectoparasites that suck blood of insects (Triplehorn and
Johnson 2005). The larvae inhabit aquatic or semiaquatic
habitats such as sand, mud, decaying plants, and water inside
tree holes (Triplehorn and Johnson 2005). The abundance of
this family is highest in the lowest temperature range of 3e7C,
and it decreases with an increase in temperature (Figure 3 and
Table 3). Abundance was in a negative correlation with thetemperature factors and a positive correlation with altitude and
insolation (Table 3). In the regression analysis, maximum tem-
perature, altitude, and insolation had a signiﬁcant impact on
abundance (Table 1). In this study, the occurrence was 17%, being
collected in 51 sites (Appendix 2). This family occurred in a
wide temperature range of 3.2e17.3C, and the mean of annual
average temperatures of the occurred sites was 9.1C (Appendix
2). It was predicted that the abundance will decrease by 44% in
RCP 4.5 and 82% in RCP 8.5 (Table 4). Most of Ceratopogonidae
inhabit the mountainous areas in Gangwon-do at present, but
the distribution areas are expected to decrease, and in particular
in RCP 8.5, they will almost disappear after 50 years (Figures 5
and 6).
Anisopodidae
A total of 154 species and 15 genera of Anisopodidae are found
worldwide (Wikipedia 2015), and one species (Sylvicola japonicas)
is listed in the recently published Korean Insect List (Paek et al
2010). Some species in this family are saprophagous or feed on
fungi (Wikipedia 2015). Anisopodidae inhabit moist vegetation,
and the larvae are commonly found in decaying organic matter and
fermenting liquid, and the adults are often attracted to sap
(Triplehorn and Johnson 2005). The abundance of this family is
highest in the lowest temperature range of 3e7C, and very low at
temperatures above 7C (Figure 3 and Table 3). In the correlation
analysis, the abundance was in a negative correlation with the
temperature factors and a positive correlation with precipitation,
altitude, and insolation (Table 3). In the regression analysis, only
Figure 7. Average of annual mean temperature at the occurred sites and the rate of
change in abundance in the 22 candidate ﬂy families, the abundance of which was
quantitatively predicted according to the climate scenarios RCP 4.5 (diamonds) and
RCP 8.5 (rectangles). The values of the rate of change in abundance are provided in
Table 4.
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occurrence was 13%, being collected in 37 sites (Appendix 2). This
family occurred in awide temperature range of 3.2e12.7C, and the
mean of annual average temperatures of the occurred sites was
7.3C (Appendix 2). It was predicted that the abundance will
decrease by 61% in RCP 4.5 and 94% in RCP 8.5 (Table 4). Most of
Ceratopogonidae inhabit some of the mountainous areas in
Gangwon-do at present, but the distribution areas will almost
disappear after 50 years (Figures 5 and 6).
Qualitative abundance prediction
Changes in abundance of other common families (> 1%
occurrence) were qualitatively predicted (i.e. decrease, un-
changed, or increase) on the basis of quantitative predictions. The
relationship between the change rates of 22 species, quantitative
abundance change predictions of which were made, and the
mean values of annual average temperatures in the occurred sites
is shown in Figure 7. The mean value of annual average temper-
atures is in a linear relationship with the abundance change rate
[100  (abundance in 2056e2065  abundance in 2011e2015)/
abundance in 2011e2015]. The regression equation shows that
the change rate is 0 when the temperature is 10.96C in RCP 4.5
and 11.55C in RCP 8.5. Therefore, it was supposed that the
abundance will a little change when the mean value of the tem-
peratures was in the range of 10.96e11.55C, increase (increase)
when it is higher than the range, and decrease (decrease) when it
is lower than the range. It was predicted that the abundance of 26
families except Culicidae will decrease (Table 6).Conclusion
As a result of quantitative or qualitative projection of abundance
of ﬂies due to temperature increase, it was predicted that, among
Table 6. Qualitative prediction of abundance for common ﬂy family (>1% occur-
rence) except the 22 candidate species in Table 4.
Family Korean name Change
Culicidae 모기과 Stable
Stratiomyiidae 등에과 Decreased
Therevidae 좀파리매과 Decreased
Clusiidae d Decreased
Anthomyzidae d Decreased
Limoniidae 애기각다귀과 Decreased
Tephritidae 과실파리과 Decreased
Calliphoridae 검정파리과 Decreased
Fanniidae d Decreased
Scatopsidae 털파리붙이과 Decreased
Asilidae 파리매과 Decreased
Rhagionidae 노랑등에과 Decreased
Ditomyiidae d Decreased
Agromyzidae 굴파리과 Decreased
Platypezidae d Decreased
Tipulidae 각다귀과 Decreased
Macroceridae d Decreased
Bibionidae 털파리과 Decreased
Pipunculidae 장구등에과 Decreased
Scathophagidae 똥파리과 Decreased
Psilidae d Decreased
Lonchopteridae 뾰족날개파리과 Decreased
Trichoceridae 어리각다귀과 Decreased
Ephydridae 물가파리과 Decreased
Sepsidae 꽃지파리과 Decreased
Opomyzidae d Decreased
Syrphidae 꽃등에과 Decreased
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little, and 47 will decrease. In the cases of spiders (Kwon et al
2014b) and ants (Kwon et al 2014c), the number of species to
decrease were more than those to increase. The reduction rate of
beetles was relatively smaller than that of spiders (decrease: 76
species; increase: 18 species; no change: 8 species) and ants
(decrease: 32 species; increase: 15 species), but there were also
more species to decrease (77 species) than increase (57 species).
Therefore, it was forecasted that there are more species to decrease
than to increase throughout all taxa that were studied, and in the
case of ﬂies, the number of families to decrease greatly out-
numbered the number to increase. Almost all the families of ﬂies
were predicted to decrease because this studywas conducted at the
family level instead of the species level. There are more northern
species than southern species across most of the taxa in South
Korea as it is located on a peninsula. Northern species refer to those
that are mainly distributed in the further northern region of Korean
Peninsula. As optimum temperatures for them are relatively low,
their populations will decrease in South Korea as climate warms.
This is why there are more species to decrease than increase in the
cases of spiders, ants, and beetles. Therefore, the number of families
to decrease was much greater than that to increase because the
entire tendency of families that have more northern species than
southern species is reﬂected in the projection in this study.
The value of this study may be doubtful for those who study
population ecology, which lays stress on studies at the species level,
as this study was conducted at the family level. As a lot of arthro-
pods including insects are not clearly taxonomically studied, many
studies have been conducted on morphospecies and higher taxa
(order, family, etc.), and their results are published in major
ecological journals (e.g., Ecology, Oecologia, Oikos, Conservation
Biology, etc.), showing that studies of such method (analysis at the
higher taxon level) is recognized as a standardized study of insect
communities. Prediction of changes in the abundance and diversity
of ﬂies at the order or family level is highly important for identi-
fying the overall patterns. Our results show that populationreductionwill occur to most of the families in Korean ﬂies. This will
become a basic foundation (hypothesis) for future insect studies
that will be performed in relation to climate change. In the case of
ﬂies, taxonomic studies have not been carried out fully in South
Korea. Even in taxa that have been taxonomically studied, still there
are not enough materials (e.g. illustrated books) for nonexperts to
identify ﬂies at the species level, making it difﬁcult to conduct
species identiﬁcation. In addition, due to the difﬁculty in identiﬁ-
cation of ﬂies, even if nonexperts conduct species identiﬁcation, it
will be difﬁcult to establish reliability due to a high rate of wrong
identiﬁcation. Therefore, considering such practical challenges, this
study tried to identify the overall changes caused by climate change
in the family level, which can easily be identiﬁed by nonexperts
(nondipteran taxonomists). We plan to conduct further studies on
species-level projections whenwe are able to luckily ﬁnd an expert
of each family.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.japb.2015.10.009.
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